Coherent phonon control utilizes classical or quantum interference to manipulate structural responses in crystals. It provides a unique way of driving the lattice into novel and non-equilibrium states not accessible by the conventional means. Previously, this technique has been mostly used with fs optical spectroscopy as an indirect probe of lattice motions. Here we report a direct and real-time probe and control of coherent lattice motions with fs electron diffraction [1] .
Introduction
Coherent phonon control utilizes classical or quantum interference to manipulate structural responses in crystals. It provides a unique way of driving the lattice into novel and non-equilibrium states not accessible by the conventional means. Previously, this technique has been mostly used with fs optical spectroscopy as an indirect probe of lattice motions. Here we report a direct and real-time probe and control of coherent lattice motions with fs electron diffraction [1] .
Experimental
The coherent lattice vibrations were excited impulsively in free-standing polycrystalline thin-film aluminum with fs near infra-red (790 nm) laser pulses. The structural dynamics was monitored directly by taking snapshots of diffraction patterns at different delay times using the transmission femtosecond electron diffraction.
Results and Discussion
The oscillations of Bragg peak positions associated with a damped lattice vibration induced by impulsive optical excitation is shown in the upper curve in Fig. 1 . This lattice vibration, with a period of ~8.9 ps, was centered at a new and expanded equilibrium lattice position, corresponding to an elevated lattice temperature of ~40 K after electron-phonon thermalization. The displacements displayed in the figure represent an averaged value across the 20-nm film, at the level of ~100 fm lattice space change at maximum displacement at about 5 ps after optical excitation.
To control the structural dynamics, we follow the time-domain two-pathwayinterference approach by using two excitation laser pulses separated by a well defined time delay. By setting the time delay equal to one vibrational period, a constructive interference was created between the two acoustic phonon modes excited by the two optical pulses. Due to the in-phase constructive interference, the resulting vibrational amplitude was nearly doubled at a given time delay. In contrast, for a relative delay of half vibrational period, the lattice vibration was almost completely silenced due to the out-of-phase destructive interference. In this out-ofphase condition, the lattice was driven to the new equilibrium position within 10 ps. This ability to drive the lattice to a equilibrium position in less than 10 ps can be used for ultrafast optical switching, such as slicing a portion of x-ray pulse generated at synchrotrons recently demonstrated on the 100 ps time scale [2] .
Conclusions
Coherent lattice motions initiated by impulsive optical excitation were directly observed with sub milli-ångström spatial resolution and on the femtosecond time scale using femtosecond electron diffraction. By varying time delay between a pair of excitation pulses and adjusting their pulse intensities, we were able to control both the amplitude and the phase of coherent lattice motions. Fig. 1 The temporal evolution of (311) Bragg peak position.
